Abstract. Estimates of abundance of threatened and endangered species are crucial for monitoring population status and recovery progress. For most wildlife species, multiple abundance estimation methods are available and the choice of method should depend on cost and efficacy. We fieldtested the cost and efficacy of line transect, total count, sample count, and double observer methods for estimating abundance of gopher tortoise (Gopherus polyphemus) burrows in two habitats that differed in vegetation density (sparse and dense) at the Ordway-Swisher Biological Station in northcentral Florida. In the dense vegetation stratum, density of burrows estimated using the line transect method (8.58 ± 0.94 burrows ha −1 ) was lower than that obtained from the total count method (11.33 burrows ha −1 ). In the sparse vegetation stratum, estimated burrow density using the line transect method (11.32 ± 1.19 burrows ha −1 ) was closer to the burrow density obtained from the total count method (13.00 burrows ha −1 ). Density of burrows estimated using the double observer method was identical to that obtained from the total count method in dense vegetation stratum, but slightly greater than that obtained from the total count method in sparse vegetation stratum. Density of burrows estimated using the sample count method varied widely depending on the proportion of plots sampled. The cost of sampling as well as estimates of burrow density varied with habitat type. The line transect method was the least costly of the methods, and we were able to sample a larger effective area with the same effort. Using burrow cameras and patch occupancy modeling approach, we also estimated the probability of burrow occupancy by gopher tortoises (active: 0.50 ± 0.09; inactive: 0.04 ± 0.04), and used these values to estimate abundance of gopher tortoises. Using estimates of burrow abundance based on the line transect method, density of gopher tortoises was 2.75 ± 0.74 ha −1 in the sparse vegetation stratum. We recommend that gopher tortoise monitoring programs use rigorous methods for estimating burrow abundance (e.g., line transect methods) and the probability of burrow occupancy by gopher tortoises (e.g., patch occupancy modeling approach).
Introduction
Abundance estimates are a prerequisite for listing or delisting of a species, and for monitoring recovery progress (Seber, 1982; Cassey and Mcardle, 1999; Williams et al., 2002) . Furthermore, estimates of abundance are needed for understanding density-dependent relationships, for parameterizing and evaluating population models, and for formulating or evaluating management programs (Williams et al., 2002) .
The gopher tortoise (Gopherus polyphemus) is a species of conservation concern in the southeastern US. It is federally listed as a threatened species in the western portion of its range (western Alabama, Mississippi, and Louisiana) (Lohoefener and Lohmeier, 1984; Federal-Register, 1987) . In Florida, gopher tortoise populations have been declining for some time (Auffenberg and Franz, 1982; Schwartz and Karl, 2005; McCoy et al., 2006) , and the species has recently been approved for reclassification to Threatened pending approval of a species management plan (FFWCC, 2006) . Several state and federal agencies in the gopher tortoise range are charged with monitoring their status and population trends which require reliable estimates of abundance.
Estimating abundance of gopher tortoises is a two step process: estimation of burrow abundance and estimation of burrow occupancy rates. Gopher tortoises spend much of their time in the shelter of self-constructed underground burrows (Wilson et al., 1994) , and direct observation of tortoises is difficult. These burrows are relatively easy to see due to their half-moon shape and large mound of sand (commonly referred to as the apron) at the burrow entrance. Because gopher tortoises are rarely seen outside their burrows, researchers typically estimate abundance of burrows, and frequently use it as an index of tortoise abundance (Cox et al., 1987; Smith et al., 2005; McCoy et al., 2006) . The most commonly used methods for estimating the abundance of gopher tortoise burrows include line transect, total count, and sample count methods (Doonan, 1986; Mann, 1993; Epperson, 1997; Doonan and Epperson, 2001) .
A second issue involved in the estimation of gopher tortoise abundance is that not every burrow is occupied by tortoises; there are typically more burrows than gopher tortoises and the number of burrows does not always correspond to the number of tortoises (McRae et al., 1981; Diemer, 1992; Smith et al., 1997; Eubanks et al., 2003; McCoy et al., 2006) . Thus, an important issue relevant to gopher tortoise abundance estimation is the burrow occupancy rate (probability that a burrow is occupied by a gopher tortoise) (Diemer, 1992) . Gopher tortoise abundance estimates are then obtained as the product of burrow occupancy rates and estimated burrow abundance. Auffenberg and Franz (1982) reported that 61.4% of all burrows (active and inactive) were occupied in their study. Some studies have used this or other similar values as a 'correction factor' to convert the burrow abundance into an estimate of tortoise abundance (e.g. Kushlan and Mazotti, 1984; Doonan, 1986; Doonan and Epperson, 2001; FFWCC, 2006; Gregory et al., 2006) . Burrow occupancy rates vary over time and space, and unreliable estimates of occupancy rates can lead to erroneous estimates of gopher tortoise abundance
